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(54) Handover control method and apparatus using fuzzy logic 



(57) Apparatus uses fuzzy logic to determine when 
handovers are desirable and the extent to which the ra- 
dio transmission power in a cellular telephone network 
should be adjusted. The mobile phone (30) and the base 
transceiver station (12) measure certain system param- 
eters, including rate of handover, quality, distance, level, 
call duration, and power. These measurements are in- 
put to a fuzzifier (34). The fuzzifier applies standard 



fuzzy-set-theory membership functions to the measure- 
ments, and the fuzzifier outputs a set of fuzzy variables 
corresponding to the measurements. The fuzzifier out- 
puts are input to an inference engine (36) which contains 
a set of rules that, when applied to the inference engine 
inputs, indicate: when a handover should be performed; 
when a handover should not be performed; and the 
amount by which, if any, the transmission power should 
be adjusted. 
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Description 

Field of the Invention 

[0001] In general, the present invention relates to cellular telephone networks, and more particularly to using fuzzy 
logic to control handovers in such systems. 

Statement ot Related Art 

[0002] A cellular telephone network is a system that provides radio communication to and from mobile phones over 
a large geographical area. Cellular networks generally consist of a plurality of adjoining geographic regions, subdivided 
into cells. A portion of a prior art cellular telephone network is depicted in FIGURE t . 

[0003] Each geographic region, commonly referred to as a cell 10, has a base transceiver station 12, which can 
communicate via radio waves to and from a mobile telephone, which is not shown in FIGURE 1. Mobile telephones 
are often used inside an automobile 22. Each base transceiver station is also connected to a base station controller 
16 by a group of land-based telephone lines, commonly referred to as a trunk 14. Each base station controller 16 is 
typically connected to several base transceiver stations 12, with each base transceiver station 12 serving a different 
cell 1 0. Each base station controller 16 is connected by a land-based trunk 18 to a mobile switching center 20. A mobile 
switching center 20 is typically connected to several base station controllers 16. Finally, a cellular network typically 
contains several mobile switching centers 20, each mobile switching center 20 is typically connected to several other 
mobile switching centers 20 and is connected to several base station controllers 16, and each base station controller 
16 is typically connected to several base transceiver stations 12. 

[0004] During a cellular call, a mobile phone communicates with the base transceiver station 12 by using a particular 
frequency of radio waves. That frequency is pre-determined by the base station controller 16 for the cell 10 in which 
the mobile phone is located. Often, mobile phones are used in moving automobiles 22 and as the mobile phone moves 
away from the base transceiver station 1 2 handling the call, typically the mobile phone gets closer to one or more other 
base station transceivers 12 and the quality of the transmission between the mobile phone and the base transceiver 
station 12 handling the call tends to deteriorate. If the quality of transmission decreases significantly, the call must be 
"handed over* to a different base transceiver station 12 so that the call can continue between the mobile phone and 
the base transceiver station to which the call is handed over. 

[0005] Although the mobile phone is initially tuned to a pre-assigned frequency for the call, the mobile phone also 
monitors other frequencies during a call. The frequencies being monitored may belong to base transceiver stations 12 
other than the base transceiver station 12 handling the call. Periodically, the mobile phone transmits, to the base 
transceiver station 12 handling the call, measurements related to the signal quality for the frequencies that it is moni- 
toring, including the frequency being used for the mobile call in progress. 

[0006] The two directions in which the mobile phone and a base transceiver station communicate with each other 
via radio waves are referred to as a down-link and an up-link. The down-link refers to transmissions from the base 
transceiver station 12 to the mobile, and the up-link refers to transmissions from the mobile phone to the base trans- 
ceiver station 12. 

[0007] The mobile phone measures the down-link signal strength, the down-link signal quality, and the battery power 
being used by the mobile phone to transmit radio waves to the base transceiver station 1 2. During a mobile call, these 
measurements are transmitted to the base transceiver station 12, which in turn sends them to the base station controller 
16. The base transceiver station 12 measures the up-link signal strength, the up-link signal quality, and the distance 
between the mobile phone 30 and the base transceiver station 12. The base transceiver station 12 then relays these 
measurements to the base station controller 16, which determines whether to hand over the call based on the meas- 
urements taken by the mobile phone 30, the measurements taken by the base transceiver station 12, the call duration 
and the rate at which handovers are being performed for a particular call. Call duration and rate of handover are 
maintained by the base station controller 16. 

[0008] A base station controller 1 6 and the base transceiver stations 1 2 that are connected to the base station con- 
troller 16 are referred to as a base station system 24. If a call is handed over from one base transceiver station 1 2 to 
another base transceiver station 12 in the same base station system 24, the handover is referred to as an intra-base- 
station-system handover. If a call is handed over to a base transceiver station 12 in a different base station system 24 
that is connected to the same mobile switching center 20 as the first base station controller 12, then the handover is 
referred to as an intra-mobile-switching-center handover. If a call is handed over to a base transceiver station 12 in a 
different base station system 24 that is connected to a different mobile switching center 20 than the first base station 
system's 24 mobile switching center 20, then the handover is referred to as an inter-mobile-switching-center handover. 
[0009] Excessive handovers are undesirable. When a handover must be performed, the telephone system resources 
needed for the call must be reserved on another base transceiver station 1 2, which might be contained within a different 
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base station system 24 and which might be connected to another mobile switching center 20. Inter-mobile-switching- 
center handovers require setting up voice paths on a trunk between the two mobile switching centers and on a trunk 
18 between the new mobile switching center 20 and the new base station controller 16. Setting up these voice paths, 
requires extensive signaling between the mobile switching centers 20 and between the base station controllers 16 and 
5 the mobile switching centers 20. 

[001 0] The boundaries of adjacent cells 1 0 are usually not well-defined. Therefore, when a mobile phone, for instance, 
in a moving automobile 22, moves close to the boundaries between geographically adjacent cells, handover control 
mechanisms using conventional crisp logic often cause unnecessary handovers. 

[0011] Techniques for determining when to perform handovers are known in the art, and make handover decisions 
10 based upon the distance between the mobile phone 30 and the base transceiver station 1 2 handling the call, the signal 
quality of the up-link and of the down-link (collectively referred to as "quality"), the up-link and the down-link signal 
levels (collectively referred to as "level 1 ), in decibels, the power being used to transmit radio waves over the up-link 
and the down-link (collectively referred to as "power"), and the number of calls being processed by the base transceiver 
station. 

'5 [0012] Existing mechanisms for controlling handovers in cellular telephone networks use crisp, as opposed to fuzzy, 
logic. Using crisp logic in determining whether to perform a handover suffers from the drawback of causing very definite 
triggers with no way to account for inaccurate data related to the quality of the up-link and down-link radio transmissions . 
Further, handover is a very complex mechanism. Often, handovers are triggered by little known causes. Handovers 
can also cause cellular calls to be dropped. 

20 [001 3] In certain situations, rather than simply deciding whether or not to handover a call, it is desirable to adjust the 
power being used to transmit over the up-link or the down-link, or both, in order to improve the quality of the received 
signal. 

[0014] Crisp logic is based on set theory where a member either belongs to a set or it does not. For example {1 ,2,3, 
-1 ,-2,-3} belong to the set called Integers. {1 .2,1 .3,1 .5) belong to the set of real numbers, but not to the set of integers. 
zs For instance, the color of a ball could be in the set {red, blue, green}. However, when the ball is somewhat red, that 
concept cannot be quantified by discrete mathematical set theory. Fuzzy logic or Fuzzy Set Theory solves this problem 
by al towing the members of a set to have certain grades of membership that will quantify fuzzy criteria such as not 
very red, somewhat red, fairly red, very red, etc. 

[0015] Fuzzy set theory was first proposed by LA Zadeh in the 1960s. Since then it has been used in numerous 
30 applications such as washing machines, cameras, artificial intelligence, linguistics, economics, filters, databases re- 
trieval systems. Although non-linear systems can be very complicated to model using mathematics base on traditional 
set theory, fuzzy logic provides a simplified approach to modeling such systems. 

[0016] It is therefore an object of the present invention to use fuzzy logic to determine whether a handover should 
be performed and whether the radio transmission power should be increased or decreased in order to more reliably 
3$ control when handovers are performed, thereby reducing the system resources required to process a particular volume 
of calls, improving signal quality for calls on the network, and reducing the number of dropped calls. 

Summary of the Invention 

40 [0017] The present invention uses fuzzy logic to determine: (1) whether to handover a cellular telephone call from 
one base transceiver station to another base transceiver station; and (2) whether to increase or decrease the radio 
transmission power. 

[0018] Parameters related to the quality of the up-link and down-link radio transmissions, the duration of the call, 
and the rate at which the call is being handed over are measured. Fuzzy set theory membership functions are applied 

45 to these measurements to convert them into fuzzy variables based upon certain pre-determined criteria. The fuzzy 
variables are then input to an inference engine. The inference engine makes handover decisions by applying a pre- 
determined set of rules to the inference engine inputs. For instance, if the measurements related to the quality of the 
radio transmissions indicate that a handover should be performed, but, based upon the average call length, the call is 
almost finished, then a handover is not performed. The subject invention reduces the number of handovers performed 

so when a mobile telephone is straddling the border between adjacent cells by minimizing the number of handovers 
performed when more handovers are being performed than are warranted based upon the measurements related to 
the quality of the up-link and down-link radio transmissions. The subject invention also uses fuzzy logic to adjust the 
amount of power used by the base transceiver station and the mobile phone to transmit radio waves over the down- 
link and the up-link, respectively, based upon certain pre-determined criteria. 

55 [0019] These as well as other novel advantages, details, embodiments, features and objects of the present invention 
will be apparent to those skilled in the art from the following detailed description of the preferred embodiment of the 
invention, the attached claims, and the accompanying drawings. 
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Brief Description of the Drawings 

[0020] In the text which follows and in the drawings, wherein similar reference numerals denote similar elements 
throughout the drawings, the present inventbn is explained with reference to illustrative embodiments, in which: 
s [0021] FIGURE 1 is a schematic illustration of part of a prior art wireless telephone network. 

[0022] FIGURE 2 is a block diagram illustration of a mobile phone, base transceiver station, base station controller, 
and mobile switching center. 

Detailed Description of the Preferred Embodiment 

10 

[0023] For a better understanding of the present invention, reference may be had to the following detailed description 
taken in conjunction with the appended claims and accompanying drawings. 

[0024] FIGURE 2 is a block diagram showing a mobile phone 30; a base transceiver station 12; a base station 
controller 1 6, having a call processing calculator 32, and a fuzzy logic controller 66 containing a f uzzifier 34, an inference 
is engine 36, and a def uzzifier 38; and a mobile switching center 20. The base station controller 1 6 is drawn with a dashed 
line to indicate that it contains other components that are not shown in FIGURE 2. 

[0025] The previously discussed measurements made by the mobile phone 30 and the base transceiver station 12 
are input to the f uzzifier 34, which is part of a fuzzy logic controller 66 and contains one or more standard membership 
functions, such as triangular, trapezoidal, or square, which are used for fuzzifying the fuzzifier inputs 40 and 48, based 

20 upon certain p re-determined criteria. Such membership functions are well known in the art and are explained in Fuzzy 
Set Theory Foundations and Applications, George J. Klir, Ute H. St. Clair, Bo Yuan (Prentice Hall 1997). 
[0026] A first set of fuzzifier inputs 40 is coupled to outputs 42 of the base transceiver station 1 2. Each f uzzifier input 
in the first set 40 typically corresponds to a previously known parameter used in making handover decisions, including, 
in decreasing order of importance: distance, quality (for both the up-link 44 and the down-link 46), signal level (for both 

25 the up-link 44 and the down-link 46), and the power (for both the up-link 44 and the down-link 46). Accordingly, the 
first set of fuzzifier inputs 40 contains seven inputs, namely, distance, up-link quality, down-link quality, up-link signal 
level, down-link signal level, up-link signal power, and down-link signal power. 

[0027] These previously known parameters are collected by the mobile phone 30 and the base transceiver station 
1 2. Although the preferred embodiment uses all of these previously known parameters, it will be obvious to those skilled 
30 jn the art that any permutation or combination of previously known parameters may be used without departing from 
the scope of the subject invention. 

[0028] A second set of fuzzifier inputs 48 is coupled to outputs 50 of the call processing calculator 32. The second 
set of fuzzifier inputs 48 typically will comprise four inputs, including instantaneous values for rate of handover and call 
duration, as well as heuristically maintained average values for rate of handover and call duration. Although the pre- 
ss ferred embodiment uses all four of these parameters related to rate of handover and call duration, it will be obvious to 
those skilled in the art that any permutation or combination of these four parameters may be used without departing 
from the scope of the subject invention. 

[0029] Each fuzzifier output 52 is a fuzzy variable generated based on one or more of the fuzzifier inputs 40 and 48. 
Each fuzzifier output 52 is generated by applying a standard membership function to the fuzzifier's corresponding input 

40 or inputs 40 and 48. Distance is fuzzified into values of: very close, close, average, far, or very far. Up-link and down- 
link signal quality are each fuzzified into possible values of: very poor, poor, average, good, and very good. Rate of 
handover, up-link signal level, down-link signal level, up-link signal power, and down-link signal power are each fuzzified 
into possible values of: very low, low, average, high, and very high. Call duration is fuzzified into possible values of: 
very short, short, average, long, and very long. Although each fuzzy variable in the preferred embodiment has five 

45 values, it will be obvious to those skilled in the art that fuzzy variables having a number of possible values other than 
five can also be used without departing from the scope of the subject invention. 

[0030] In the preferred embodiment, one of the fuzzifier outputs 52 corresponds to rate of handover and one of the 
fuzzifier outputs 52 corresponds to call duration. These two fuzzifier outputs 52 are generated relative to heuristically 
calculated averages of rate of handover and call duration. In other words, the call processing calculator 32 maintains 
50 a running average value for rate of handover and a running average value for call duration. The instantaneous and 
average values of rate of handover and call duration are represented in FIGURE 2 as outputs 50 from the call processing 
calculator 32 and as inputs 48 to the fuzzifier 34. 

[0031] Although the preferred embodiment includes the fuzzifier 34 within the fuzzy logic controller 66 within the 
base station controller 16, it will be obvious to those having ordinary skill in the art that generating the fuzzy inputs 54 
55 to the inference engine 36 elsewhere and receiving those inputs 54 at the inference engine 36 does not depart from 
the scope of the subject invention. 

[0032] The nine fuzzifier outputs 52 represent various system conditions, which have been previously discussed, 
namely, rate of handover, quality (for both up-link and down-link), distance, level (for both down-link and up-link), call 
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duration, and power (for both up-link and down-link). The fuzzif ier outputs 52 are coupled to the inputs 54 of the inference 
engine 36. The inference engine 36 contains a set of rules that are based upon pre-determined criteria that indicate 
when handovers are, and are not, desirable as well as when changes in the amount of up-link and down-link trans- 
mission power are desirable. The inference engine 36 applies this pre-defined set of rules to the inference engine 
5 inputs 54. If the values of the inference engine inputs 54 satisfy any of the rules contained in the inference engine, 
then the inference engine generates a fuzzy variable at the inference engine output 56. In the preferred embodiment, 
the fuzzy variable generated by the inference engine, fuzzy handover action, has possible values of: handover desir- 
able, handover undesirable, increase power slightly, increase power moderately, increase to maximum power, decrease 
power slightly, and decrease power moderately. In the preferred embodiment, the inference engine includes the fol- 
io lowing rules: 
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FUZZIFIER OUTPUTS/ INFERENCE ENGINE INPUTS 


INFERENCE 
ENGINE 
OUTPUT 




Rule No. 


Rate of 
Handover 


Quality 


Distance 


Level 


Call Duration 


Power 


Fuzzy 
Handover 
Action 


20 


1 


average 


good 


far 








handover 
undesirable 




2 . 


average 


poor 


far 








handover 
desirable 


25 


3 


average 




far 


low 






handover 
desirable 




4 


high 


poor 






average, long, 
or very long 




handover 
undesirable 


30 


5 


high 


poor 






short 




handover 
desirable 




6 




very poor 










handover 
desirable 


35 


7 








very low 






handover 
desirable 




8 






very far 








handover 
desirable 


40 


9 




poor 






long or very 
long 




handover 
undesirable 




10 


very high 




far 








handover 
undesirable 


45 


11 




poor 




very low 




very low, low, 
or average 


increase 
power slightly 




12 




very poor 




very low 




very low, low, 
or average 


increase 
power 
moderately 


50 


13 




poor 




high 




very high, 
high, or 
average 


decrease 
power slightly 


55 


14 




very poor 




very high 




very high, 
high, or 
average 


decrease 

power 
moderately 
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FUZZIFIER OUTPUTS/ INFERENCE ENGINE INPUTS 


INFERENCE 
ENGINE 
OUTPUT 




Rule No. 


Rate of 
Handover 


Quality 


Distance 


Level 


Call Duration 


Power 


Fuzzy 
Handover 
Action 


10 


15 




low 




low 






increase to 
maximum 
power 



[0033] In Table 1, the conditions set forth in the columns containing a condition must all be satisfied in order for a 
rule's conditions to be satisfied. In other words, for a particular rule, the conditions specified in each column are logically 
AND'ed, not OR'ed, with the conditions specified in other columns. For instance, rule 1 is satisfied when rate of handover 
is average, quality is good, and distance is far. 

[0034] Further, the columns labeled Quality, Level, and Power each represent the quality, level, and power, respec- 
tively, for either the up-link 44 or the down-link 46. Rules 1 -1 0, which deal with whether or not a handover is desirable, 
will be fired if the value specified in any of these three columns is matched for either the up-link 44 or the down-link 
46. For example, the requirements of rule 1 will be satisfied if the rate of handover is average, the distance is far, and 
either (1) the up-link signal quality is good, or (2) the down-link signal quality is good. 

[0035] Ruies 11-15, which deal with the amount by which the transmission power should be adjusted, are applied 
separately to the up-link power and the down-link power. Accordingly, the inference engine output 56 could indicate a 
change for either the up-link transmission power or the down-link transmission power, or both, individually. It will be 
obvious to those having ordinary skill in the art that any permutation or combination of values could be used to formulate 
additional rules for determining new up-link and/or down-link transmission power values. It will also be obvious to those 
having ordinary skill in the art that Table 1 contains a very limited number of rules and that many rules could be added 
to Table I without departing from the scope of the subject invention. 

[0036] One of the benefits provided by the subject invention is that it may prevent a handover from occurring in a 
situation where, statistically, the call is almost finished, as is shown in rule number 4 in Table 1 . If the duration of a call 
is, at least, relatively close to the average call duration and the other factors considered in making a handover decision 
indicate that a handover should be performed, rule 4 in Table 1 is triggered, and a handover is avoided. 
[0037] Another benefit provided by the subject invention over the prior art is that the subject invention uses the rate 
at which handovers are occurring in conjunction with other factors to prevent unnecessary, service-interrupting hando- 
vers. For instance, the handover rate could be high while the quality, level, and distance parameters are not poor 
enough to warrant such a high handover rate. Such a situation occurs when the mobile phone 30 is straddling a path 
where the base transceiver stations 12 are at handover threshold levels, and the thresholds are being tested very 
frequently. Under these circumstances in prior art systems, handovers can occur at an abnormally high rate, which 
wastes system resources and could cause dropped calls. Further, the number of handovers performed for a call is 
provided to the billing software in many cellular telephone networks, and if an excessive number of handovers is oc- 
curring, a customer's cellular telephone bill might be increased unnecessarily. Rule 10 in Table 1 minimizes the likeli- 
hood of handovers occurring under these conditions, thereby reducing the undesirable effects of an excessive number 
of handovers occurring. 

[0038] Although the previously known parameter used for making handover decisions which indicates the number 
of calls being handled by the base transceiver station 1 2 was not incorporated into the preferred embodiment, it will 
be obvious to a person having ordinary skill in the art that rules could be formulated to cause handovers to occur based, 
at least in part, upon the number of calls being handled by the base transceiver station 12 handling the mobile call 
without departing from the scope of the subject invention. Such rules could be useful for transferring calls from a base 
transceiver station 12 handling a relatively high number of calls to a base transceiver station 12 handling fewer calls. 
[0039] The subject invention also uses fuzzy logic to control the transmission power used by the mobile phone 30 
and the base transceiver station 1 2 in order to reduce the number of handovers required for processing a given volume 
of calls, as shown in rules 11 through 15. If the inference engine 54 does not output a power-related value, then the 
amount of transmission power used by mobile phone 30 and the base transceiver station 12 will remain unchanged. 
[0040] The inference engine output 56 is coupled to the de-f uzzifier input 58. Depending upon the value input to the 
de-fuzzifier 38. the de-f uzzifier 38 outputs a crisp-logic value indicating either that a handover should or should not be 
performed, or the de-fuzzifier 38 outputs a new power value, or values, for use by the mobile phone 30 or the base 



6 



11/27/2006, EAST Version: 2.0.3.0 



EP 0 930 797 A2 



transceiver station 12, or both. As previously mentioned, the change in up-link transmission power and the change in 
down-link power are controlled independently. For the sake of brevity, the following discussion of how new power values 
are generated by the de-fuzz if ier 38 is limited to modified up-link power values, but applies to down-link power values 
as well. In the preferred embodiment, the minimum transmission power, P min , used by the mobile phone 30 is 20% of 
the maximum power, P max , used by the mobile phone 30. The inference engine output values that indicate power 
changes, namely, increase power slightly, increase power moderately, decrease power slightly, decrease power mod- 
erately, and increase power to the maximum, cause the de-fuzzifier to output a new power value, P^, for the mobile 
phone 30 relative to the mobile phone's current power, P, as follows: 

increase power slightly : P^ = P + 0.4(P max - P); 
increase power moderately: P new = P + 0.8(P max - P); 
decrease power slightly: P new = P - 0.4(P - P min ); 



decrease power moderately: P^ w = P - 0.8(P - P min ). 

[0041] De-fuzzifier output 60 is coupled to call processing calculator input 68. In another embodiment of the subject 
invention, the inference engine 36 outputs crisp logic values indicating whether a handover should be performed or, if 
a new power value is desirable, the inference engine 36 outputs the new power value for the mobile phone 30, and 
there is no de-fuzzifier 38. 

[0042] If the call processing calculator input 68 indicates that a handover should be performed and the base trans- 
ceiver station 12 to which the call will be handed over is in a different base station system 24, then the call processing 
calculator 32 notifies the mobile switching center 20, via call processing calculator output 70, which is coupled to mobile 
switching center input 64. If the call processing calculator input 68 indicates a new power value for the mobile phone 
30 or for the base transceiver station 1 2, or for both, then the call processing calculator 32 notifies the base transceiver 
station 12 of the new power value, or values, via call processing calculator output 72, which is coupled to base trans- 
ceiver input 62. If a new power value is generated for the mobile phone 30, the base transceiver station 1 2 then transmits 
that new power value to the mobile phone 30 via the down-link 46. 

[0043] Although the preferred embodiment is discussed in the context of cellular telephone networks, it will be obvious 
to those skilled in the art that the subject invention applies to personal communication systems operating in the 900 
MHZ range, satellite communication systems, aircraft tracking systems, and any other wireless communication system 
that performs handovers or message transfers analogous to handovers as they have been described above. 
[0044] It will also be obvious to those skilled in the art that the subject invention may be implemented: using a pro- 
grammable fuzzy logic controller; wholly in software; or using microprocessors, micro-controllers, digital signal proc- 
essors, and the like. 



Claims 

1 . A method of using fuzzy logic to determine whether to handover a call in a wireless telephone network comprising, 
in combination, the steps of: 

(a) receiving fuzzy inference engine inputs; 

(b) generating a fuzzy inference engine output indicating whether a handover is desirable by applying said 
fuzzy inference engine inputs to a pre-defined set of rules contained in an inference engine. 

2. The method of claim 1 further comprising, in combination, the step of generating a de-fuzzified inference engine 
output based upon said fuzzy inference engine output, said de-fuzzified inference engine output indicating whether 
to perform said handover. 

3. The method of claim 1 wherein said fuzzy inference engine output indicates whether a handover is desirable and 
how much of a change should be made to the transmission power used for transmitting said call. 
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4. A method of using fuzzy logic to determine whether to handover a call in a wireless telephone network comprising, 
in combination, the steps of: 

(a) generating fuzzy inference engine inputs based upon pre-determined criteria; 
s (b) generating a fuzzy inference engine output indicating whether a handover is desirable by applying said 

fuzzy inference engine inputs to a pre-defined set of rules contained in an inference engine. 

5. The method of claim 4 further comprising, in combination, the step of generating a def uzzified inference engine 
output based upon said fuzzy inference engine output, said def uzzified inference engine output indicating whether 

to to perform said handover 

8. The method of claim 4 wherein said fuzzy inference engine output indicates whether a handover is desirable and 
how much of a change should be made to the transmission power used for transmitting said call. 

is 7. The method of claim 4 further comprising, in combination, the step of generating at least one of said fuzzy inference 
engine inputs based upon a criterion selected from the group consisting of: rate of handover, quality, distance, 
level, and call duration. 



20 



8. A computer controlled telecommunications system, at least partly controlled by using fuzzy logic comprising: 



(a) means for generating fuzzy logic inference engine inputs based upon information obtained from said tel- 
ecommunications system; 

(b) means for generating a fuzzy inference engine output, said fuzzy inference engine output controlling at 
least part of said telecommunications system by applying said fuzzy inference engine inputs to a predefined 

25 set of rules contained in an inference engine. 

9. An Apparatus for using fuzzy logic to determine whether to handover a call in a wireless telephone network com- 
prising, in combination: 

30 (a) means for generating fuzzy inference engine inputs based upon predetermined criteria; 

(b) means for generating a fuzzy inference engine output indicating whether a handover is desi rable by app lying 
said fuzzy inference engine inputs to a pre-defined set of rules contained in an inference engine. 

10. The apparatus of claim 1 3 further comprising, in combination, means for generating a def uzzified inference engine 
35 output based upon said fuzzy inference engine output, said def uzzified inference engine output indicating whether 

to perform said handover. 

11. The apparatus of claim 13 wherein said fuzzy inference engine output indicates whether a handover is desirable 
and the amount by which the transmission power for said call should be changed. 

40 

12. The apparatus of claim 13 further comprising, in combination, means for generating at least one of said fuzzy 
inference engine inputs based upon a criterion selected from the group consisting of: rate of handover, quality, 
distance, level, call duration. 

45 13. An apparatus that uses fuzzy logic to determine whether to handover a call in a wireless telephone network com- 
prising, in combination, 

(a) a base transceiver station having one or more outputs 

(b) a call processing calculator having one or more outputs 

so (c) a fuzzifier having two sets of inputs and a set of outputs, said first set of fuzzifier inputs being coupled to 

said base transceiver station outputs and said second set of fuzzifier inputs being coupled to said call process- 
ing calculator outputs 
(d) an inference engine having 

55 (1 ) inputs that are coupled to said fuzzifier outputs, 

(2) an output, and 

(3) a pre-determined set of rules to be applied to said inference engine inputs. 
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14. The apparatus of claim 21 further comprising a defuzzifier having an output and an input, said defuzzrfier input 
being coupled to said inference engine output. 

15. The apparatus of claim 21 further comprising at least one of said fuzzy inference engine inputs being based upon 
a criterion selected from the group consisting of: rate of handover, distance, level, call duration. 

16. A method of using fuzzy logic to determine whether to handover a call in a wireless telephone network comprising, 
in combination, the steps of: 

(a) generating fuzzy inference engine inputs based upon pre-determined criteria wherein at least one of said 
fuzzy inference engine inputs is based upon rate of handover, at least one of said fuzzy inference engine 
inputs is based upon quality, at least one of said fuzzy inference engine inputs is based upon distance, at (east 
one of said fuzzy inference engine inputs is based upon level, at least one of said fuzzy inference engine 
inputs is based upon call duration, and at least one of said fuzzy inference engine inputs is based upon power; 

(b) generating a fuzzy inference engine output indicating whether a handover is desirable by applying said 
fuzzy inference engine inputs to a pre-defined set of rules contained in an inference engine; 

(c) generating a de-fuzzified inference engine output based upon said fuzzy inference engine output, said de- 
fuzz if ied inference engine output indicating whether to perform said handover and how much of a change 
should be made to the transmission power used for transmitting said call. 



25 
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